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Spin transport and Spin Tunnelling Magneto-Resistance (STMR) of F|NCSC|F spin valve
Saumen Acharjee∗ and Umananda Dev Goswami†
Department of Physics, Dibrugarh University, Dibrugarh 786 004, Assam, India
In this work, we study the spin transport at the Ferromagnet|Noncentrosymmetric Superconductor (F|NCSC)
junction of a Ferromagnet|Noncentrosymmetric Superconductor|Ferromagnet (F|NCSC|F) spin valve. We
investigate the Tunnelling Spin-Conductance (TSC), spin current and Spin Tunnelling Magneto-Resistance
(STMR), and their dependence on various important parameters like Rashba Spin-Orbit Coupling (RSOC),
strength and orientation of magnetization, an external in-plane magnetic field, barrier strength and a significant
Fermi Wavevector Mismatch (FWM) at the ferromagnetic and superconducting regions. The study has been
carried out for different singlet-triplet mixing of the NCSC gap parameter. We develop Bogoliubov-de Gennes
(BdG) Hamiltonian and use the extended Blonder - Tinkham - Klapwijk (BTK) approach along with the scatter-
ing matrix formalism to calculate the scattering coefficients. Our results strongly suggest that the TSC is highly
dependent on RSOC, magnetization strength and its orientation, and singlet-triplet mixing of the gap parameter.
It is observed that NCSC with moderate RSOC shows maximum conductance for a partially opaque barrier in
presence of low external magnetic field. For a strongly opaque barrier and a nearly transparent barrier a mod-
erate value and a low value of field respectively are found to be suitable. Moreover, NCSC with large singlet
component is appeared to be useful. In addition, for NCSC with large RSOC and low magnetization strength,
a giant STMR (%) is observed. We have also seen that the spin current is strongly magnetization orientation
dependent. With the increase in bias voltage spin current increases in transverse direction, but the component
along the direction of flow is almost independent.
PACS numbers: 67.30.hj, 85.75.-d, 74.90.+n
I. INTRODUCTION
Spintronic devices, such as Spin Valves (SVs) or Magnetic
Tunnelling Junctions (MTJs) have received a lot of attention
over the years due to the significant progress in fabrication
techniques. Traditional MTJs are composed of two ferromag-
nets in close proximity, normally separated by an insulator or
a normal metal. When a current is allowed to flow, it interact
with the exchange field of the first ferromagnet and induces
a polarization in the spin degrees of freedom. The second
ferromagnet is introduced as spin detector, where spin cur-
rent is measured [1–5]. The spin transport properties in these
SVs are controlled mainly by the charge current, the relative
orientation of the magnetization components and the external
magnetic field. Moreover, depending upon the orientation of
the magnetization i.e. parallel or anti parallel to the ferromag-
netic regions, these hybrid structures display Giant Magneto-
Resistance (GMR) effect [6–9] and hence have a great poten-
tial to be used as a non volatile magnetic memories, sensors
for harddisk drives etc.
Over the last two decades, the interplay between ferromag-
netic and superconducting order potentially enhances the in-
terest in exploring Ferromagnet|Superconductor (F|S) hybrid
structures for low temperature spintronic applications [10–
24]. The discovery of phenomena like proximity effect [10–
13], long distance transport of magnetization [10–13], spin in-
jection [14], Spin Transfer Torque (STT) [15, 16], and triplet
correlation [17, 18] in F|S hybrid structures boosted up the su-
perconducting spintronics research. Moreover, introduction of
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superconductor as a spacer in SVs provides the following ad-
vantages: (1) Superconducting spintronics devices can intri-
cate strong proximity effect between the superconductor and
the ferromagnet [10–13], hence it gains a lot of interest from
application point of view. (2) Superconducting SVs also re-
duce the consumption of energy and hence can be highly use-
ful to fabricate ultra fast cryogenic magnetic memory devices
[19, 20]. (3) Furthermore, unconventional superconductors
can also support polarized current [21–24] and hence it can
be the potential candidate for superconducting spintronic de-
vices.
Traditionally, conventional superconductors are introduced
as a spacer in MTJs. However, conventional superconductors
are highly irreconcilable with ferromagnetism as the exchange
coupling of a ferromagnet destroy the singlet pairing of the
Cooper pairs [25]. On the other hand, superconductivity re-
sults from the triplet pairing of the Cooper pairs can coexist
with ferromagnetism and hence they are the prime candidates
of F|S|F SVs. From the point of view of Cooper pairs, two
symmetries play most pivotal role: the symmetry of centre
of inversion and the symmetry of time reversal. In absence
of any of them the pairing can appear in an unconventional
form. Over the last two decades, many heavy fermion com-
pounds have been discovered which lack the center of inver-
sion and hence they show unconventional superconductivity
[26–56]. Due to the lack of inversion centre, the Noncen-
trosymmetric Superconductors (NCSCs) are the candidates of
prime concern since the last two decades. Though NCSC
had a great potential to be used in SVs from fundamental
physics point of view, the field received a significant attention
only after the discovery of unconventional superconductivity
in CePt3Si [30–32]. Soon many heavy fermion systems had
been reported which show unconventional superconductivity
due to the lacks center of inversion [33–56]. A few of them
2are LaPt3Si, La(Rh,Pt,Pd,Ir)Si3, LaNiC2, Li2(Pt,Pd)3B, UIr,
Cd2Re2O7, Re6Zr, PbTaSe2, etc. As the inversion symmetry
is absent in NCSCs, hence parity is no longer remain con-
served. Furthermore, due to the absence of inversion center
in NCSC, it offers strong Antisymmetric Spin-Orbit Coupling
(ASOC). Inevitably, the Fermi surface split and the ground
state of an NCSC exhibit a mixed pairing states consists of
both spin singlet and spin triplet components. Thus the role
of Spin-Orbit Coupling (SOC) is very significant in NCSCs.
Since, SOC is antisymmetric and unconventional in NCSCs,
hence it should be Rashba type SOC.
Rashba Spin-Orbit Coupling (RSOC) [57–59] is a symme-
try dependent unconventional pairing (σ × k) arises at the
F|NCSC interface. Recent theoretical and experimental works
indicate that RSOC is not only anticipated in the the mixing
ratio of pairing states in NCSC but it also have the ability
to tune spin triplet state from spin singlet state if Pd is re-
placed by Pt [54–56] in the NCSC compound Li2(Pd,Pt)3B.
This feature had also been extensively studied in many other
NCSCs and the results significantly indicate that RSOC can
have remarkable role in superconducting pairing mechanism.
In general in most of cases, s-wave pairing dominates [60–62]
in NCSCs, however it was also observed that for NCSC com-
poundwith comparatively low SOC, triplet pairing state domi-
nate over singlet pairing [63–67]. Moreover, it was also found
that Andreev reflection [68–75] can also be tuned by RSOC
and can be controlled by magnetization in graphene junction
consists of ferromagnet and superconductor [71–73]. With the
abovementioned motivations, it is necessary to investigate the
role of RSOC in superconducting pairing states in NCSCs and
thereby in spin transport mechanism at F|NCSC junction of a
F|NCSC|F SV.
To understand feasibility of ferromangetism and super-
conductivity, and also the role of magnetization in F|S hy-
brids, many superconducting spintronic SVs had been exten-
sively studied theoretically [76–86] and experimentally[87–
96]. Previousworks [76–96] on F|S heterostructure and super-
conducting SVs strongly indicates that the superconducting
critical temperature is dependent on the orientation of magne-
tization. Recent experimental works predict that the formation
of Andreev Bound State (ABS) [95] and the flow of supercur-
rents [96] in SVs can be tuned and control via orientation of
magnetization. Furthermore, it was also reported that at the
ballistic junction of N|F|Triplet SC in Sr2RuO4[80], the ori-
entation of magnetization can even control the pairing poten-
tial.
Transport properties in several F|Singlet SC [97–99],
F|Triplet SC [100–105] and F|NCSC [106–109] heterostruc-
tures had been studied earlier. However, the role of magneti-
zation in spin transport, spin current [110–115] and its inter-
play with pair potential, magnetic field and RSOC of NCSC
in F|NCSC|F SV is still need to be understood. Motivating
from the previous results, in this work we study the spin trans-
port mechanism at F|NCSC junction of a F|NCSC|F SVs.
More specifically, we have investigated the Tunnelling Spin
Conductance (TSC), Spin Tunnelling Magneto-Resistance
(STMR) and spin current for an F|NCSC|F SV architecture.
To understand the interplay of RSOC with magnetization and
the mixed pair potential of NCSC, we have studied TSC,
STMR and spin current considering each of those parame-
ters extensively. Moreover, to make the setup experimentally
reliable, the effect of an in-plane magnetic field and Fermi
Wavevector Mismatch (FWM) are also investigated.
The paper is organized as follows. We briefly discuss the-
oretical framework of the proposed setup in the Sec. II. The
results and the discussions are presented in Sec. III. Finally,
we summarize our work in Sec. IV.
FIG. 1: The schematic overview of the proposed experimental
setup. In this F|NCSC|F spin valve architechture, the left F1-
layer represents a soft ferromagnet with exchange field h =
h0(sin θm cosχm, sin θm sinχm, cos θm), where θm, χm respec-
tively represent the polar and azimuthal angle of magnetization. The
right F2-layer represents a hard ferromagnet with a fixed orienta-
tion of magnetization. The middle NCSC-layer represents a noncen-
trosymmetric superconductor. In this work, x-direction is assumed
to be as the direction of transport.
II. THEORY
A. Model and formalism
We use the standard Bogoliubov-de Gennes (BdG) formal-
ism to describe the behaviours of the Electron-Like-Quasi
(ELQ) particle and Hole-Like-Quasi (HLQ) particle ampli-
tudes with spin σ. The schematic overview of the proposed
setup is shown in Fig.1. For our setup, the BdG equations can
be written as(
Hˆ0 ∆ˆαβ(r, r′)
∆ˆ†αβ(r, r
′) −Hˆ†0
)(
unσ
vnσ
)
= ǫn
(
unσ
vnσ
)
(1)
where, unσ and vnσ are the wavefunctions of ELQ particles
and HLQ particles respectively. The hat sign represents a 2×
2 matrix, ǫn are the energy eigenvalues can be obtained by
diagonalizing the BdG Hamiltonian in the respective layers.
Hˆ0 is the single particle Hamiltonian of the system, defined
as
Hˆ0 = (H′ + B)Iˆ + HˆR − h · σ. (2)
3The first term in this Eq.(2) can be written as H′ = −∇2
2
+
EFi + U0 δ(x), where−∇22 andEFi are respectively the sin-
gle particle kinetic energy and the Fermi energies in the re-
spective layers. Here, we use standard units, viz., ~ = m =
µ = 1. U0δ(x) is the delta like barrier potential appears at
F|NCSC interface with U0 as the strength of spin independent
barrier potential. B is the in-plane external magnetic field and
HˆR is the RSOC, can be defined as [67, 74, 103, 107]
HˆR(k) = {UR eˆx · (σ × k)} (3)
where, UR represents the strength of RSOC, eˆx is an unit vec-
tor directed normal to the interface and k = −i∇. The last
term in Eq.(2) represents the exchange interaction, where h
and σ are the exchange field and Pauli’s spin matrices respec-
tively.
The gap matrix ∆ˆαβ(r, r
′) appear in the Eq.(1) is the mix-
ture of singlet (S) and triplet (T) components for a NCSC. It
has the following form [106, 107]:
∆ˆαβ(r, r
′) =
(
∆↑↑(r, r
′) ∆↑↓(r, r
′)
∆↓↑(r, r
′) ∆↓↓(r, r
′)
)
(4)
In general,∆↑↓(r, r
′) appearing in Eq.(4) is a superposition
of the singlet (S) and the triplet (T) components that satisfies
the following conditions:
∆↑↓(r, r
′) = ∆Sk↑↓(r, r
′) + ∆Tk↑↓(r, r
′), (5)
∆Tk↑↓(r, r
′) = ∆Tk↓↑(r, r
′), (6)
∆Sk↑↓(r, r
′) = −∆Sk↓↑(r, r′). (7)
Thus in view of Eqs.(1), (2), (3) and (4) the BdG equation
in an extended form can be written as


−hz +H′ + B gk
−
− hxy ∆Tk↑↑ ∆Sk↑↓ +∆Tk↑↓
gk+ − h∗xy hz +H′ + B −∆Sk↑↓ +∆Tk↑↓ ∆Tk↓↓
∆Tk↑↑
† −∆Sk↑↓
†
+∆Tk↑↓
†
hz −H′ − B gk+ − h∗xy
∆Sk↑↓
†
+∆Tk↑↓
†
∆Tk↓↓
†
gk
−
− hxy −hz −H′ − B




un↑
un↓
vn↑
vn↓

 = ǫn


un↑
un↓
vn↑
vn↓

 (8)
where, hxy = h0(sin θm cosχm − i sin θm sinχm), hz =
h0 cos θm and gk± = UR(kx ∓ iky)Θ(x). Here Θ(x) is the
Heavyside step function can be defined as
Θ(x) =
{
0, x < 0,
1, x ≥ 0. (9)
In order to obtain the momenta k+(k−) for the elec-
tron(holes) in the soft F-layer, we diagonalize the BdG Hamil-
tonian appearing in the Eq.(8). On diagonalizing, which can
be found as
kσ = kFF
√
1 + Z0 − σZR sin θF − σX +B ± Z1 (10)
where, σ = ±1 represent two different orientations of the
spin and kFF represent the Fermi momentum of electron and
holes at F-layer. Here, we define Z0 =
2U0
kFF
, ZR = 2UR,
X = M1
EFF
, B = B
EFF
and Z1 =
E
EFF
with M1 as the
strength of magnetization of the left ferromagnetic layer,X as
the strength of magnetization per unit Fermi energy and EFF
as the Fermi energy of electrons and holes in that region.
In a similar way, we represent the momenta of the
ELQ(HLQ) particles in the superconducting region by
q+(q−), which are defined as
q± =
√
2(EFS −B ±
√
E2 −∆2αβ) (11)
where,EFS is the Fermi energy of ELQ and HLQ particles in
the superconducting region. Since, in the tunnelling mecha-
nism the parallel component of momenta is conserved. So we
can write,
k+ sin θF = k
− sin θA = q
+ sin θe = q
− sin θh (12)
where, θF and θA are respectively are the angle of incidence
of the electron in F-region and the Andreev reflected angle
for the hole in the superconducting region. θe is the angle
of refraction for the ELQ particles, while θh is the angle of
refraction for the HLQ particles.
Since, the Fermi energy in NCSC is quite different from a
ferromagnet, so to characterize this, we introduce a FWM pa-
rameter λ. Physically, it is a dimensionless parameter defined
as the ratio of the Fermi momentum (qFS) in the supercon-
ducting region to Fermi momentum (kFF ) in the Ferromag-
netic region, i.e. λ = qFS
kFF
. The wave function ΨF(x) in F-
layer with any arbitrary orientation of magnetization is given
by
ΨFM(x < 0) = s↑[δ1eˆ1 + δ2eˆ2]e
ik+ cos θFx
+ s↓[−δ∗2 eˆ1 + δ1eˆ2]eik
−
cos θFx
+ r↑e [δ1eˆ1 + δ2eˆ2]e
−ik+S1x
+ r↓e [−δ∗2 eˆ1 + δ1eˆ2]e−ik
+S2x
+ r↑h[δ1eˆ3 + δ2eˆ4]e
ik+S1x
+ r↓h[−δ∗2 eˆ3 + δ1eˆ4]eik
−S2x (13)
where, we define eˆ1 = (1, 0, 0, 0)
T , eˆ2 = (0, 1, 0, 0)
T ,
eˆ3 = (0, 0, 1, 0)
T , eˆ4 = (0, 0, 0, 1)
T , δ1 = cos θm, δ2 =
4sin θme
−iχm , S1 = s↑ cos θF+s↓ cos θA and S2 = s↑ cos θA+
s↓ cos θF. For up spin incident particle we choose s↑ = 1, s↓
= 0, while for a down spin particle s↑ = 0, s↓= 1. θm and χm
are the polar angle and azimuthal angle of magnetization cor-
responding to the magnetization vector in the soft ferromag-
netic layer. r↑e (r
↓
e ) appearing in the Eq.(13) are the normal
reflection coefficients for upspin (downspin) electrons, while
r↑h (r
↓
h) are the Andreev reflection coefficients for the upspin
(downspin) holes.
In a similar way, the wave function ΨNCSC(x) in NCSC-
layer can be written [106] as
ΨNCSC(x ≥ 0) = te
↑
√
2
[u+Γ1 + v+Γ4]e
iq+
e
cos θex
+
te
↓
√
2
[u−Γ2 + v−Γ3]e
iq−
e
cos θex
+
th
↑
√
2
[v+Γ1 + u+Γ4]e
iq
+
h
cos θhx
+
th
↓
√
2
[v−Γ2 + u−Γ3]e
iq
−
h
cos θhx (14)
where, Γ1 = (eˆ1 + eˆ2e
−iφ), Γ2 = (eˆ1 − eˆ2e−iφ), Γ3 =
(eˆ4 + eˆ3e
−iφ) and Γ4 = (eˆ4 − eˆ3e−iφ). φ is the supercon-
ducting phase factor, t↑e( t
↓
e) corresponds to the transmission
coefficients for up(down) spin of ELQ particles, while t↑h( t
↓
h)
represents the transmission coefficients for up(down) spin of
HLQ particles. The amplitudes of wavefunctions of ELQ par-
ticles and HLQ particles are given by
u±(v±) =
1√
2
√√√√
1 + (−)
√
1− |∆s ±
∆t
2
|2
E2
. (15)
The reflection coefficients (rσe , r
σ
h ) and the transmission co-
efficients (tσe , t
σ
h) in the wavefunctions can be determined un-
der the following boundary conditions:
ΨFM(x = 0
−) = ΨNCSC(x = 0
+), (16)
∂x{ΨNCSC(x = 0+)−ΨFM(x = 0−)} =
2UintΨFM(x = 0) (17)
where, Uint = U0δ(x) +HR is the interacting potential.
B. Calculation of Spin Conductance at the F|NCSC interface
To calculate the spin conductance GS(E), we have used
the extended Blonder - Tinkham - Klapwijk (BTK) approach
[118]. According to BTK formalism, the spin conductance
G↑S(E, θF ) for an upspin incoming electron incident at an an-
gle θF is
G↑S(E, θF ) =
1 +X
2
(1−|r↑e |2+ |r↓e |2+ |r↑h|2−|r↓h|2), (18)
while for a downspin incoming electron, the the spin conduc-
tance G↓S(E, θF ) is
G↓S(E, θF ) =
1−X
2
(1+ |r↑e |2−|r↓e |2+ |r↑h|2−|r↓h|2). (19)
Thus, in view of this the angularly averaged spin conductance
can be written as [97, 103, 106, 107, 118]
GS(E) = G
−1
N
∫ pi
2
−pi
2
dθF cos θF {G↑S +G↓S}, (20)
where GN is the tunnelling conductance for N|N (N for nor-
mal mattel) junction and has the following form:
GN =
∫ pi
2
−pi
2
dθF
4 cos3 θF
4 cos2 θF + Z20
. (21)
C. Spin Tunnelling Magneto-Resistance (STMR)
It is seen from Eqs.(18) and (19) that the spin conductance
for spin-up particles is quite different from that of spin-down
particles. Thus it generates a STMR. Moreover, it also seen
from Eqs.(18) and (19) that the value STMR is depended on
the magnetization strength (X). So in this work we have stud-
ied the STMR for different X and magnetic field (B). It is to be
noted that STMR can be calculated by knowing the reflection
and transmission coefficients from Eqs.(16) and (17) at the
different spin subbands and then inserting them in spin con-
ductance Eqs.(18) and (19). The STMR can be defined [103]
as
STMR =
GPS (E)−GAPS (E)
GPS (E)
(22)
where, GPS (E) and G
AP
S (E) respectively corresponds to the
spin conductances at parallel and anti-parallel orientations.
D. Spin Current (S)
Due to the non-collinear orientation of magnetization in the
two ferromagnetic layers of the F|NCSC|F SV, a spin current
S is generated and flows through the system even in absence
of a charge current. Thus the spin current can be totally con-
trolled by the strength and the orientation of exchange fields.
Moreover, the spin currents in the ferromagnetic layers gen-
erate a torque which tends to rotate the magnetizations. The
spin continuity equation can be written as
∂t〈η(x)〉 + ∂xS(x) = τ (x) (23)
where, ∂t =
∂
∂t
, ∂x =
∂
∂x
, τ (x) = −2〈ψ†(x)(σ×h)ψ(x)〉 is
the Spin Transfer Torque (STT) and η(x) is the spin density
operator related to magnetization as m(x) = −µB〈η(x)〉.
The spin density is in general has a tensor form since it has
both direction of flow in real space and a direction in spin
space. However, it can be reduced to vector form by the quasi-
one-dimensional nature of the geometry. The spin current can
be defined as
S(x) = − i
2m
〈ψ†(x)σ∂xψ(x) − ∂xψ†(x)σψ(x)〉. (24)
5we can write S in terms of quasi-particle amplitudes and en-
ergies using Bogoliubov transformations:
ψσ(r) =
∑
n
[unσ(r)γn + ηv
∗
nσ(r)γ
†
n], (25)
where unσ and vnσ are the quasi-particle and quasi-hole am-
plitudes. γn and γ
†
n are Bogoliubov quasi-particle annihi-
lation and creation operators respectively, which satisfy the
following expectation values: 〈γ†nγm〉 = δmnfn, 〈γmγ†n〉 =
δnm(1−fn) and 〈γnγm〉 = 0. Here, fn =
[
exp
(
ǫn
2T
)
+1
]−1
is the Fermi function which is dependent on temperature T
and quasi-particle energy ǫn. Calculating the reflection, trans-
mission coefficients and inserting Bogoliubov transformations
(25), the components of spin current (24) [112, 113, 115] can
be represented in terms of quasi-particle amplitude as
Sx(x) = − i
2m
∑
n
[
fn
{
u∗n↑∂xun↓ + u
∗
n↓∂xun↑
− un↓∂xu∗n↑ − un↑∂xu∗n↓
}
− (1− fn)
{
vn↑∂xv
∗
n↓
+ vn↓∂xv
∗
n↑ − v∗n↑∂xvn↓ − v∗n↓∂xvn↑
}]
, (26)
Sy(x) = − 1
2m
∑
n
[
fn
{
u∗n↑∂xun↓ − u∗n↓∂xun↑
− un↓∂xu∗n↑ + un↑∂xu∗n↓
}
− (1− fn)
{
vn↑∂xv
∗
n↓
− vn↓∂xv∗n↑ + v∗n↑∂xvn↓ − v∗n↓∂xvn↑
}]
, (27)
Sz(x) = − i
2m
∑
n
[
fn
{
u∗n↑∂xun↑ − un↑∂xu∗n↑
− u∗n↓∂xu∗n↓ + un↓∂xun↓
}
− (1− fn)
{
− vn↑∂xv∗n↑
+ v∗n↑∂xvn↑ + vn↓∂xv
∗
n↓ − v∗n↓∂xvn↓
}]
. (28)
III. RESULTS AND DISCUSSION
A. Spin Conductance Spectra at the F|NCSC interface
In this work, we study the spin transport quantities, more
specifically TSC (GS), STMR and the spin current (S) for a
F|NCSC|F SV. We have plotted the spin conductanceGS(E)
from the equation (20) as a function of baising energy E
scaled by the gap amplitude∆ of NCSC. Since NCSCs posses
a mixed pairing state, so to understand the interplay of pair-
ing symmetry on spin transport we have introduced the gap
amplitude parameter |∆±|, where |∆±| = |∆s ± ∆t2 |. For
most of our analysis we choose∆s =
∆t
3
. However to under-
stand the impact of singlet-triplet mixing ratio on the spin con-
ductance, we have also considered different mixing ratios too.
Furthermore, to study the spin conductance spectra we set the
magnetization strength, polar angle and the azimuthal angle
of magnetization respectively as X = 0.9, θm = 0.25π and
χm = 0.5π. It is to be noted here that the densities of the local
charge carries in different regions of F|NCSC heterostructure
are different. Again, the Fermi momenta for a ferromagnet is
also quite different from a NCSC. So to incorporate this point
we introduce a dimensionless parameter (λ), which charac-
terizes the FWM at the different regions. Though λ can have
any arbitrary values, however for high temperature supercon-
ductors FWM is found to be less than unity [97]. Hence for
our calculation of spin conductance [97, 106, 107], STMR and
spin current, we set λ = 0.5.
In most of the earlier works on tunnelling spectroscopy
[97–109], it was found that the barrier thickness play a very
significant role on the transport mechanism. However, the
role of barrier thickness on spin transport is yet to be under-
stood. So, we study the variation of spin conductance with
applied baising energy for different RSOC (ZR), magnetiza-
tion strength (X) and in-plane magnetic field (B) considering
initially a partially opaque barrier with Z0 = 1.0 and a highly
opaque barrier of barrier thickness Z0 = 2.0. The result of
which are presented in Figs.2 and 3 respectively. Furthermore,
for a complete understanding of the quantum tunnellingmech-
anism and the role of barrier thickness, we have also consid-
ered a highly transparent barrier with barrier width Z0 = 0 in
Fig.4.
Effect of Rashba Spin Orbit Coupling (RSOC)
From the previous works, it is found that the role of RSOC
in NCSC is too notable. Though RSOC has a very pivotal
role in superconducting pairing, but its interplay with mag-
netization, magnetic field is still need to be understood. So
in view of this in Fig.2 we study the effect of RSOC (ZR)
on the spin conductance GS(E). For all our analysis on spin
conductance we consider four different choices of RSOC viz.,
ZR = 0, 0.5, 1.0 and 2.0. Moreover, to understand the sig-
nificance of external in-plane magnetic field on spin conduc-
tance we have also considered four different in-plane mag-
netic field strengths viz., B = 0, 0.3, 0.7 and 1.0 respectively
in Figs.2(a), 2(b), 2(c) and 2(d). It is seen that due to the for-
mation of Andreev Bound States (ABS) nearer to the baising
energies, E = ∆− = |∆s − ∆t2 | and at ∆+ = |∆s + ∆t2 |,
two sharp peaks in the spin conductance are observed for
ZR = 1.0 and 2.0 in absence and for low magnetic field
B = 0.3. It is to be noted that ZR = 1.0 shows maximum
conductance in both the cases. The sharpness of the peak
increases nearly at E ∼ ∆+ = 0.83∆t, while it decreases
at E ∼ ∆− = 0.17∆t for a very low value of B = 0.3.
The situation is opposite at these two points in absence of B.
Also the sharpness is highest nealy at E ∼ ∆+ = 0.83∆t for
B = 0.3. These results strongly indicate that in-plane mag-
netic field must have some significant role on the spin trans-
port. With the further rise of B to 0.7 the sharpness of the
peaks get decreased and finally for B = 1.0 two dips are seen
for all choices of ZR as clear from Fig.2(d). This is because
in presence of strong in-plane magnetic field B the exchange
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FIG. 2: Spin conductance spectra for different values of B and for
X = 0.9 considering ∆s =
∆t
3
, Z0 = 1.0, λ = 0.5, θm = 0.25pi
and χm = 0.5pi.
field becomes very strong, hence it becomes unfavourable for
the superconducting pairing. Thus ABS get suppressed and
is characterised by the dips in Fig.2. It is also to be noted
that for Rashba free case ZR = 0 and for low RSOC value
ZR = 0.5, two sharp dips are also observed for all choices of
magnetic field. However, for ZR = 0, a sharp rise is seen in
case of B = 1.0. Moreover, it is also observed from Fig.2(d)
that for B = 1.0 the spin conductance becomes maximum
for ZR = 0.5 and it sharply decreases as the biasing energy
approaches the gap energies∆± for all choices of ZR.
A nearly similar characteristics are also seen in Fig.3 for
a strongly opaque barrier with Z0 = 2.0. However in this
case, ZR = 2.0 shows maximum conductance for all values
of B. From Figs.3(a) and 3(b) we have seen that though two
sharp peaks still appears for ZR = 1.0 and 2.0 for low values
of magnetic field B, but the sharpness of the peak is more at
E = 0.83∆t than E = 0.17∆t for both B = 0 and B = 0.3
cases. With the rise of B to 0.7 conductance get decrease but
sharpness of the peaks retain as seen from Fig.3(c). It indicate
that for a strongly opaque barrier a moderate value B is also
suitable for the formation of ABS. For the magnetic field B =
1.0, a totally different characteristics is seen. In this case for
ZR = 2.0, the spin conductance is maximum for zero bias
condition. However, as the bias voltage is switched on GS
shows a gradual fall but shows two sharp dips exactly at ∆±.
For 0 ≤ ZR < 1, the spin conductance spectra is quite similar.
In all these cases, GS initially decreases monotonically from
a maxima with the rise of E and then shows a sharp minima
exactly at E = ∆±. It is also seen that the sharpness of the
dips are too strong at E = ∆+ = 0.83∆t than at E = ∆− =
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FIG. 3: Spin conductance spectra for different values of B and for
X = 0.9 considering ∆s =
∆t
3
, Z0 = 2.0, λ = 0.5, θm = 0.25pi
and χm = 0.5pi.
B = 0(a)
ZR = 0
ZR = 0.5
ZR = 1.0
ZR = 2.0
0.0 0.5 1.0 1.5
0
1
2
3
4
E/Δt
G
S
(E
)
B = 1.0(b)
0.0 0.5 1.0 1.5
0
1
2
3
4
E/Δt
FIG. 4: Spin conductance spectra for different values of B and for
X = 0.9 considering ∆s =
∆t
3
, Z0 = 0, λ = 0.5, θm = 0.25pi and
χm = 0.5pi.
0.17∆t.
In case of a highly transparent barrier with barrier thick-
ness Z0 = 0, we have seen form Fig.(4) that there exist
a suppression of spin conductance from maxima for region
0 ≤ E ≤ ∆− in absence and for low ZR values. In case
of higher ZR values i.e. 1.0 and 2.0, the conductance spec-
trum shows a gradual rise followed by a maxima at ∆−. For
the region ∆− ≤ E ≤ ∆+, the spin conductance GS of the
system shows a slow rise nearly at both the points ∆± for
ZR = 1.0 and 2.0. An exactly opposite characteristics is
seen for ZR = 0 and 0.5. Though for an transparent bar-
rier with B = 0, Rashba free cases shows maximum conduc-
tance nearly for all biasing voltages however, at E = ∆±,
ZR = 1.0 spectra shows maximum conductance as observed
from Fig.4(a). As soon as the magnetic field is switched on
with B = 1.0, an exactly opposite characteristics is seen. In
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FIG. 5: Variation of ZBSC with polar angle of magnetization θm
for different RSOC (ZR) and in-plane magnetic field strength (B).
The figures are drawn for a partially transparent barrier with barrier
width Z0 = 0.1, considering azimuthal angle χm = 0.5pi and FWM
λ = 0.5.
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, Z0 = 0, λ = 0.5, X = 0.9, θm = 0.5pi and
χm = 0.5pi.
this case, also two sharp dips are observed for ZR = 1.0 and
2.0 subsequently followed by two sharp peaks for biasing en-
ergy nearly equal to ∆±. It is seen from Fig.4(b) that for a
transparent barrier with ZR = 0 and 0.5, the spin conduc-
tance spectra shows maximum conductance in presence of a
magnetic field B = 1.0. Thus from Figs.2, 3 and 4 it can
be conclude that the spin conductance GS is not only depen-
dent on barrier thickness Z0, but the in-plane magnetic field
strengthB and RSOC strength ZR play very important role in
the formation of ABS in F|NCSC heterostructure. It is seen
that pairing and formation of ABS in NCSCs with moderate
RSOC is suitable for a low magnetic field strength B. How-
ever, for NCSCs having moderately large RSOC and with a
strongly opaque F|NCSC interface, moderate values of in-
ZR = 0.5
(a)
θm = 0
B = 0.7 t : s = 3 : 1
t :s = 1 : 1
t :s = 1 : 3
t :s = 1 : 5
t :	s = 1 : 10
0.0 0.5 1.0 1.5
0
1
2
3
4
5
G
S
(E
)
ZR = 0.5
(b)
θm = 0.25π
B = 0

0.0 0.5 1.0 1.5
0
1
2
3
4
5
ZR = 1.2
θm = 0
(c) B = 0
0.0 0.5 1.0 1.5
0.0
0.5
1.0
1.5
2.0
E/t
G
S
(E
)
(d)
ZR = 1.2
θm = 0.25π
B = 0
0.0 0.5 1.0 1.5
0.0
0.5
1.0
1.5
E/t
FIG. 7: Spin conductance spectra for different ∆t : ∆s and θm
values considering χm = 0.5pi, Z0 = 0.1, λ = 0.5 and X = 0.9.
We choose ZR = 0.5, B = 0.7 for plots (a) and (b), while ZR =
1.2, B = 0 for plots (c) and (d).
plane magnetic field is also found to be suitable.
It should be noted that the spin conductance is non zero
even at θm = 0 and it has a strong correlation with orienta-
tions of magnetization (θm, χm), magnetization strength (X),
the in-plane magnetic field (B) and RSOC (ZR) as seen from
Figs.2, 3 and 4. So, in order to understand the orientation de-
pendence of GS , we study the Zero Bias Spin Conductance
(ZBSC) as a function of polar angle of magnetization (θm) in
Fig.5 for different choices of RSOCZR and in-planemagnetic
field strengths B. For all our ZBSC spectra, we set azimuthal
angle χm = 0.5π, magnetization strengthX = 0.7 and FWM
as λ = 0.5. Moreover, we consider a partially opaque bar-
rier with Z0 = 0.1 for our analysis. Though many attempts
had been made earlier to explain the ZBC in superconductors,
but among them the most promising reason are due to phase
mismatch of the transmitted ELQ particles and HLQ parti-
cles as reported in [104] and the mismatch of Fermi momen-
tum in different regions (i.e. FWM) as reported in [100, 101].
It is seen from Figs.5(a) and 5(b) that for all choices of ZR,
ZBSC spectra shows an oscillatory behaviour in absence and
low magnetic field regime, i.e. with B = 0 and 0.5 respec-
tively. A sharp Zero Bias Spin Conductance Dip (ZBSCD) is
seen at θm = 0, 0.5π and π for ZR = 0, 1.0 and 2.0 in ab-
sence of B, while a Zero Bias Conductance Peak (ZBSCP) is
found to be observed at the same positions for ZR = 1.5 as
seen from Fig.5(a). The oscillatory behaviour of the ZBSC
gradually decreases with the rise of B as seen from Figs.5(b),
5(c) and 5(d). It is also observed from Figs. 5(b) and 5(c)
that with the increase in B from 0.5 to 0.7, there exist a phase
reversal for both low ZR = 0 and high RSOC values viz.,1.5
8and 2.0. The oscillatory behaviour of ZBSC spectra nearly die
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FIG. 8: Variation of STMR with magnetic field (B) for different
choices of X , Z0 and ZR considering ∆s =
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3
and λ = 0.5.
out for a very high value of B to 10 for any arbitrary value of
ZR as seen from Fig.5(d). So, it can be concluded ZBSC that
has a strong dependence on the magnetization, magnetic field
and RSOC. Notwithstanding, for an experimentally feasible
design of F|NCSC heterostructure, moderate value of B and
NCSCs with moderate RSOC are mostly suitable.
Effect of in-plane magnetic field B
It is already seen from the preceding section that the orien-
tation of magnetization plays a significant role in the forma-
tion of ABS and pairing mechanism in NCSC. Moreover, the
formation of spin current, STMR and triplet-singlet correla-
tion in an SV are also dependent on the orientation of magne-
tization. Thus the significance of an in-plane magnetic field in
the context of SV devices is highly inherent. So to investigate
the role of in-plane magnetic field B on spin conductance,
we have studied the variation of GS with E/∆t for different
choices of B as shown in Fig.6. We consider a transparent
barrier with Z0 = 0, FWM λ = 0.5, magnetization strength
and orientations respectively are X = 0.9, θm = 0.5π and
χm = 0.5π for this study of spin conductance. It is to be noted
here that the increasing value of B suppresses the spin con-
ductance of the system for any choices of RSOC. For Rashba
free case with ZR = 0, there exist two sharp dips appear at
∆± for all choices ofB as seen from Fig.6(a). It is quite obvi-
ous as the Rashba free materials doesn’t offer unconventional
superconductivity and hence the ABS are totally suppressed.
However, when the RSOC is increased to ZR = 1, two sharp
peaks are observed exactly at ∆± in absence of B as seen
from Fig.6(b). It indicate the formation ABS and presence of
an unconventional superconductivity in the SV. It is seen that
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3
, θm = 0.25pi
χm = 0.5pi and λ = 0.5. Figs.(a) and (b) are plotted for differ-
ent choices ofX withB = 0.1, while Figs.(c) and (d) are plotted for
different B values withX = 0.9.
if the magnetic field is switched on, then the pairing and the
formation of ABS will get suppressed. It is because for large
magnetic field potentially destroy the superconducting order-
ing and hence the pairing mechanism. Thus for spin conduc-
tance and fabrication of an F|NCSC|F, NCSC materials with
moderate RSOC is highly suitable. Moreover, though large
value of in-plane magnetic field is not suitable as seen from
Fig.6, but for NCSC with large RSOC with opaque interface
a low in-plane magnetic field can be preferred as already seen
from Figs.2 and 3.
Effect of singlet-triplet mixing ratio∆s : ∆t
It is of our interest to study the role of pairing amplitude on
spin conductance. So, in Fig.7 we study the variation of spin
conductance GS with E/∆t for different choices of singlet-
triplet mixing ratios. For our analysis, we consider a partially
transparent barrier with barrier thickness Z0 = 0.1, FWM
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FIG. 10: Spatial variation of spin current for two different bias voltages viz.,E = 0.5 and 1.5. The components of spin current (Sx, Sy , Sz) are
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,
λ = 0.5, Z0 = 0.1, ZR = 1, X = 0.9 and χm = 0.5pi.
λ = 0.5, magnetization strength X = 0.9 and the azimuthal
angle χm = 0.5π. Furthermore, we consider B = 0.7 and
ZR = 0.5 for our Figs.7(a) and 7(b). It is seen that the spin
conductance has been concealed at ∆± for ∆t ≤ ∆s in both
the cases as already seen in Figs.2, 3, 4 and 6 too. It is to
be noted that if ∆t > ∆s, the spin conductance falls lin-
early which indicate that the absence of ABS in such mate-
rials. It is also seen that though triplet correlation is favoured
in many NCSCs however, the percentage of singlet correla-
tion is always greater than the triplet correlation in NCSC. It
is also observed that the sharpness of the dips increases with
the change in θm from 0 to 0.25π. Beside that we also noted
that for θm = 0 E = ∆− provides maximum suppression,
while for θm = 0.25π E = ∆+ provides the same. Though
ABS is seen in Figs.7(a) and 7(b) however as the magnetic
field is switched off and RSOC is increased to ZR = 1.2,
superconducting behaviour is achieved again. The singlet-
triplet correlation in such cases is very significant and are
strongly favourable for the formation of ABS at ∆± as seen
in Figs.7(c) and 7(d). Moreover, it is also observed that with
the increase in the singlet components the ABS will approach
to each other and also found to be observed at lesser bias volt-
ages. So from the Fig.7 it can be concluded that ABS can be
tuned by singlet-triplet pairing ratio, in-plane magnetic field
and also by RSOC. For an experimentally suitable scenario,
NCSC with greater singlet components than triplet are mostly
suitable. Moreover, arbitrary orientation of magnetization is
mostly suitable for fabrication purpose.
B. Spin Tunnelling Magneto-Resistance (STMR)
Over the last two decades, MTJs have gained attention
owing to its robust physics along with the potential appli-
cations in spintronic devices. The discovery of giant Tun-
nelling Magneto-Resistance (TMR) [6–9] in MgO based MTJ
is one of the key reason behind its increased application in
Magnetic Random Access Memory (MRAM) and magnetic
sensors. The study of TMR reveals many novel properties
about F-N and F-S based MTJs over the years. These stud-
ies mainly involves magnetic response of MTJ, spin align-
ments, dependence on temperature and barrier width. Intro-
duction of an NCSC as a spacer can enhance the TMR value
and hence found to be useful to fabricate ultra fast cryogenic
MRAM. The basic reason to consider NCSC as a spacer is be-
cause of the existence of the lack of inversion symmetry and
hence it shows unconventional superconductivity and possess
a strong RSOC. Moreover, they can also support flow of po-
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larized current. In view of this, we have studied the variation
of STMR (%) as a function of in-plane magnetic field (B) in
Fig.8 and barrier width (Z0) in Fig.9 for different magnetiza-
tion strengthsX , RSOC ZR. We again set,∆s =
∆t
3
, λ = 0.5
and a consider nearly transparent barrier with Z0 = 0.1 in
Figs.8(a), 8(b) and 8(c), while in Fig.8(d) we choose a par-
tially opaque barrier with Z0 = 1. In all the cases two sharp
symmetric peaks are observed which arises due to the oppo-
site alignment of the spins. For Rashba free case ZR = 0
with a highly transparent barrier Z0 = 0.1, these peaks are
observe for a significantly low magnetic field. However, it
is seen that STMR value decayed too rapidly for large value
of B as seen from Fig.8(a). It is to be noted here that the
STMR increases with the increase in X and becomes maxi-
mum for M = 0.9EFF in this case. With the rise of ZR to
1, the peaks dissappear and two flat region are observed for
a moderately strong field as seen from Fig.8(b). It is due to
the enhancement of opposite spin correlation with RSOC. A
similar scenario is also observed from Fig.8(c) for ZR = 10.
However, in this case the flat regions appear at a very strong
magnetic field B. For, a partially opaque barrier (Z0 = 1)
with ZR = 10, the flatness disappears and two sharp peaks
reappear for large values of B as seen from Fig.8(d). In this
case a very giant STMR value (∼ 2000%) is observed for a
magnetization strength ofM = 0.1EF at a magnetic field B
∼ 100. It is also seen from Fig.8(d) that the STMR (%) dras-
tically reduced as M → EFF and it becomes minimum for
M = 0.9EFF . It is to be noted that the STMR value reduces
to zero forM = EFF as seen earlier from Eqs.(18) and (19).
An exactly opposite scenario is seen from Fig.8(a) for a highly
transparent barrier (Z0 = 0.1) with ZR = 0. In this case for
M = 0.9EFF STMR (%) is found to be maximum. Thus it
can be inferred that for the fabrication of MTJs with NCSC
having large RSOC, moderate magnetization strength can be
found to be useful. However, a very strong magnetic field is
required for this purpose. It can also be concluded that with
the increase in barrier width the STMR(%) increases. Hence,
NCSC’s with moderate or strong RSOC and F having low ex-
change energy with partially opaque barrier between them is
highly preferable for development of an MTJ with NCSC as a
spacer.
We have seen from above that the role of barrier width Z0 is
too inherent to determine the STMR value of an MTJ. Thus to
understand the role of Z0 completely we have also studied the
variation of STMR (%) with Z0 in Fig.9 for different choices
of ZR, X and B. More specifically in Figs.9(a) and 9(b), we
have studied the variation of STMR (%) with Z0 for different
choices of X having a fixed magnetic field B = 0.1, while
in Figs.9(c) and 9(d) we have considered different B values
with a fixed magnetization strength X = 0.9. It is seen that
for Rashba free case with the increase in Z0, the STMR (%)
sharply increases initially for all 0.5 ≤ X < 1.0 and reaches a
maximum at Z0 ∼ 0.5. With the further rise in Z0, the STMR
value shows a sharp decrease followed by a gradual rise and
saturates at large values of Z0 in all cases of X as seen from
Fig.9(a). It is to be noted here that for X = 0.1 and 0.3,
STMR value is found to be too low and no significant peaks
are observed which is in accordance with the result found in
Fig.8(a). A totally different characteristics has been observed
from Fig.9(b) in low Z0 regions with RSOC is increased to
ZR = 1. In this case with the increase in Z0, the STMR value
initially fluctuate and gradually saturates for Z0 > 2 for all
choices of X . It is to be noted here that in both the cases,
M = 0.1EFF shows maximum STMR value for large val-
ues of Z0 as seen from Figs.9(a) and 9(b). A similar peak is
also observed nearly at the same position in Rashba free case
ZR = 0 with B = 0 and 1, as seen from Fig.9(c). It is to
be noted that for a moderate and strong field B, the peak gets
disappeared and STMR value shows a linear rise and saturates
with the increase in Z0. The STMR spectra shows a quite sim-
ilar behaviour for ZR = 1 withB = 0 and 1 also as seen from
Fig.9(d). However, in this case STMR value gets reduced for
large value of B. It is to be noted that there exist two sharp
peaks forZ0 < 2withB = 0, which is in accordancewith our
Fig.8(b). A similar pattern is also seen for B = 1. However
for this case the STMR value becomes maximum for Z0 ∼ 2.
Moreover, from Figs.9(a) a large STMR value of ∼ 170% is
seen forX = 0.9 with B = 0.1. It is also to be noted that this
STMR value decreases to ∼ 50% for ZR = 1 as seen from
Figs.9(b). As soon as the magnetic field is switched off, the
STMR value is found to be ∼ 150% in absence of RSOC as
seen from Fig.9(c). However, for ZR = 1 with B = 0, the
STMR value is slightly reduced. It is to be noted that though
the STMR (%) value is (∼ 170%) in Rashba free case, but
for ZR = 1 it decreases to (∼ 50%) for X = 0.9 seen from
Fig.9(b). As it is seen that there exist two sharp peaks for
B = 0 and 1, however for large value of B the peaks disap-
peared again and no significant change is seen from Rashba
free case.
C. Spin Current
To understand the role of exchange coupling and its in-
terplay with the external bias voltages and in-plane mag-
netic filed applied to the proposed system, we have exam-
ined the behaviour of the spin current that exist in the SV.
More specifically, we have investigated the components of
spin current (Sx, Sy, Sz) as a function of the spatial coordi-
nate x at low bias (E = 0.5) in top panel and high bias
(E = 1.5) in bottom panel of Fig.10. The positions of
the interfaces are indicated by the vertical line with origin
is chosen to be the F|NCSC interface. In our setup, the
left F1-layer represent a soft ferromagnet with exchange field
h1 = h0(sin θm cosχm, sin θm sinχm, cos θm), while the
right F2-layer represent a hard ferromagnet with exchange
field h2 = h0(0, 0, 1) as already mentioned above. For our
analysis we set, ∆s =
∆t
3
, λ = 0.5, X = 0.9, χm = 0.5π,
Z0 = 0.1 and ZR = 1. Furthermore, we have also considered
six different choices of the polar angle of magnetization θm
ranging from 0 to π in each panel of Fig.10. It is observed
that for parallel (θm = 0) and anti parallel(θm = π) orienta-
tions of the magnetizations the spin current vanishes, which
is quite obvious because of the vanishing STT. It is also seen
that if the polar angle θm of exchange field is slightly rotated
to an angle 0.1π, a negative spin current flows in the F1 and
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NCSC region. With the further rotation of θm the spin cur-
rent reverses its polarization and becomes maximum for the
orthogonal configuration as seen from the Fig.10(a). A simi-
lar behaviour is also observed earlier in Ref[112–115]. If θm
is rotated further to 0.7π the spin current decreases. Since the
spin current is conserved in the NCSC region all the compo-
nents of S remains constant. In the hard ferromagnet since the
exchange field is along the z-direction, it is observed that the
transverse components Sx and Sy decayed too rapidly, while
the longitudinal component Sz remains constant as seen from
Fig.10. It is to be noted here that with the increase in bias volt-
ageE to 1.5 the Sy and Sz spin current increases, however Sx
nearly remains same as seen from Figs.10(a) and 10(d). It is
because Sx is primarily driven by the spin torque which ex-
ists. It is to be noted that the Sy component of spin current
is opposite in phase with Sx and Sz in both biasing situation.
For low biasing it becomes negative for angle θm ≤ 0.3π and
decayed for orthogonal orientation. However, for a high bi-
asing Sy component becomes positive for all orientations as
seen from Figs.10(b) and 10(e). It is also observed that the Sz
component of the spin current increases very rapidly in the F1
region for high biasing as seen from Figs.10(c) and 10(f).
IV. CONCLUSIONS
In summary, in this paper we have investigated the spin
transport in the F|NCSC|F SV. More specifically, the TSC,
STMR and the spin current have been studied for an experi-
mentally suitable parameter set of the proposed SV. To study
the normalized TSC at the F|NCSC interface we use an ex-
tended BTK approach and the scattering matrix formalism.
We consider a Rashba type spin orbit coupling (RSOC), dif-
ferent strength, alignments of the exchange field and also for
different singlet triplet mixing ratios of the gap amplitudes to
study spin conductance. Furthermore, we consider an in-plane
external magnetic field to develop the BdG Hamiltonain. We
also consider a experimentally suitable value of the FWM for
our investigation of spin conductance, STMR and spin cur-
rent. We have also studied the STMR and spin current for dif-
ferent orientation of exchange field. Our results reveals many
useful information of the F|NCSC|F SV system. It is seen that
the spin conductance has a strong dependence on RSOC, bar-
rier width, singlet-triplet correlation, in-plane magnetic field
and magnetization. For a SV with nearly transparent barrier,
NCSCs with moderate RSOC show large conductance in ab-
sence of magnetic field. It is seen that with the rise of mag-
netic field the spin conductance and the formation of of ABS
gets suppressed. However, for partially and strongly opaque
barriers, a very low and moderate value of magnetic field is
suitable for formation of ABS. Beside that it can also be con-
cluded that ABS can be tuned by singlet-triplet pairing ratio,
in-plane magnetic field and also by RSOC. For fabrication
of superconducting spintronic device, NCSC materials with
more singlet components than triplet are mostly found to be
suitable. There exist a ZBSCP and a ZBSCD which strongly
indicate that spin conductance is orientation dependent. In ad-
dition, we have seen a significantly large STMR (%) for the
proposed setup. It is found that for fabrication of supercon-
ducting MTJs with opaque barrier, NCSC with large RSOC
and high magnetization strength is highly suitable. But for a
nearly transparent and partially opaque barrier, NCSCs with
moderate RSOC, low magnetic field and low values of mag-
netization strength is strongly preferred. Moreover, from the
study of spin current we have seen that it is strongly orienta-
tion dependent. With the increase in bias voltage spin current
increases in traverse direction but the component along the
direction of flow is almost independent.
We sincerely hope that the results of our work on F|NCSC|S
SV will shed some light in the field of superconducting spin-
tronics which can be utilized to fabricate practical devices in
near future.
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